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SUMMARY 

This report summarizes the work completed on this project during the 

last six months. A test facility which allows shroud shape ahead and behind 

the propeller to be varied easily has been constructed.  In addition, several 

shroud shapes were tested in order to determine the sensivitity of shroud 

performance to exit angle and internal shroud shape at zero forward velocity. 

As a result of these tests, two stable states have been shown to exist for the 

wake steering shroud-propeller system. In order for the shroud to perform 

reliably in the wake steering mode, it is necessary for the wake to be completely 

attached to the shroud whenever a port is closed, and completely separated 

downstream from a port when that port is open. Thus, the shroud must operate 

in two stable states as determined by the control port condition. A third 

state was detected during the tests in which the wake would not become 

reattached to the shroud's inner surface when a control port was opened and 

then closed. This kind of behavior would obviously be intolerable in any 

wake steering shroud design using our present control concept. While it may- 

be possible, however, to modify our control concept and still operate in this 

third state, this alternative is not being pursued at the moment. 

Tests are continuing with a series of shrouds which have an internal 

shape downstream of the propeller that is the arc of the circle. Tests with 

several arc radii and several shroud lengths will be performed to determine 

the effects of arc radius and shroud length on the wake steering system 

performance. It appears from the preliminary results that, in order to get a 

large ratio of radial to axial thrust in the wake steering shroud system, 

it will be necessary to use shrouds of high divergence angles. However, 
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shrouds with high divergence angles tend to be less efficient in the port 

closed or non-steering mode, and also have some tendency to exhibit three 

stable states and, hence, be unreliable as steering devices. It is apparent 

that'some compromise will have to be made in the shroud design. The optimum 

shroud shape must operate reliably and still produce a maximum ratio of 

radial to axial thrust. 

The forward velocity test facility is in the process of construction and 

is nearly completed. A new dynamometer is being constructed similar to the 

one used in the static tests. Also, a shroud with an interchangeable aft 

section is being fabricated for use in the forward velocity tests. An 

analytical investigation has been conducted which indicates that the existing 

mathematical models cannot be used to describe shroud behavior when a control 

port is open and the wake is separated from the internal surface of the shroud. 

For this reason, continued analytical approaches to this problem will be 

conducted at a rather low level. Our initial work has indicated that we can 

expect a low probability of success from these efforts and we have, therefore, 

decided to concentrate on the experimental testing. 

i .. 
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INTRODUCTION 

A wake steering shroud concept was developed by Wozniak. The system 

uses a propeller inside of an accelerating or decelerating shroud with control 

ports located just downstream of the shroud [Fig- 1 ]» The ports allow water to enter 

the inside of the shroud from the outside.  With all of the ports closed, the 

wake from the propeller should attach to the internal surface of the shroud 

as it moves downstream, completely filling the inside of the shroud. As in 

any accelerating nozzle, the flow is accelerated forward of the propeller and, 

consequently, just upstream of the propeller, high velocity fluid is available 

which improves the efficiency of operation of the propeller in the normal mode 

of operation. When a control port is opened just downstream of the propeller, 

separation occurs downstream of that port along the inner shroud surface 

causing an asymmetric pressure distribution inside the shroud and, in effect, 

redirecting the wake at an angle to the propeller axis in a direction opposite 

to the port. Hie net effect is that a force is exerted on the shroud and 

propeller system in a radial direction which can apply a steering moment to 

the vessel to which the system is attached. When the control port is closed, 

the wake must reattach to the inner surface of the shroud and will then produce 

no radial thrust. Wozniak demonstrated that the concept was feasible by 

constructing a shroud and measuring the pressure distribution inside the shroud. 

From this information he was able to calculate the force- on the shroud and 

propeller system, lie was able to show from this experimental work that an 

asymmetric pressure distribution resulted when a port was open and so, con- 

sequently, a radial force must be exerted on the shroud. The purpose of this 

program has been to measure the actual forces exerted by the propeller and 

shroud combination and demons träte that, indeed, a radial force docs exist. 

• * *•  . \' 
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Further, by relating that radial force to shroud shape it is hoped to gain 

a ipore complete understanding of the phenomenon and thereby gain the knowledge 

needed to optimize the design to produce a maximum ratio of radial to axial 

thrust.  Preliminary shroud shapes for forward velocity testing will be 

derived from shrouds which performed well in the static tests. 

' 
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I.   Experimental Results 

1-1.  System Description 

Propeller-shroud combinations to be tested are mounted on the end of 

a vertical beam that serves as a dynamomenter.  The beam is instrumenteJ 

with strain gages.  See Figure 2.  The gages and associated instruments 

allow the axial and radial horizontal forces produced by the propeller and 

shroud to be recorded as functions of time on an oscillograph.  The moments 

about the propeller axis, the beam axis and the third mutually perpendicular 

axis can also be recorded.  The beam is damped in the horizontal plane by 

two mechanical dampers constructed using "airpots" manufactured by Airpot 

Corporation to effectively provide nearly optimum dyhamor:Gter damping.  The 

beam and shroud are immersed in a tank .914 meters by 2.'4A meters with a 

water depth of .61 meters. The tank is baffled so as to reduce recirculation 

eddies in the region of the shroud which would occur due to the finite tank 

size  and the pumping action of the propeller.  Tests performed in a large 

pool verify that the test results in this tank are essentially equivalent 

to open water tests at /pro forward velocity. 

The propeller is driven by a DC motor through a flr-.ible shaft at speeds 

of from 0 to 65 revolutions per second.  Propeller torqu is measured by 

measuring and recording armature current.  Motor dynamoir, ter tests were used 

to establish the relationship between armature current w. A  propeller torque. 

Pressures inside the shroud can be measured by mean of a manometer bank 

connected to the shroud by tubing through the side of tr tank. 

A special shroud holder lias been constructed which .llows the inside 

shroud shape to he easily and rapidly changed.  The shn I holder ran be 

mounted on the same dynamometer used for test ing the alu ;uum shrouds. The 
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systen, is shown In Figure 3.  The shroud holder has a cylindrical inner 

surface of fixed diameter in the region of the control port. This ring 

contains the port valve assembly which is rotatable.  The valve is a flapper 

valve located on the inner surface of the shroud,.  This valve is actuated by 

means of an air cylinder.  The shroud surface fore and aft of the holder can 

be changed by inserts which are machined out of wax stiffened by a section of 

alluminum pipe.  The machining of the wax is done on a lathe using heavy 

guage sheet metal templates which have"been cut to a prescribed shape. 

It should be pointed out that the dynamometer is equipped to measure 

only forces in the horizontal plane.  This enables the measurement of shroud 

axial thrust and one component of radial force.  Another mutually perpendicular 

component is obtained by repeating the test run and opening a port located at 

90° from the first port for the aluminum shrouds or rotating the port-valve 

assembly 90° in the case of the wax shroud holder.  The two components are 

combined analytically to determine the radial force magnitude and direction, 

relative to the open port location. 

Moments are measured about the three mutually perpendicular axes located 

at the intersection of the propeller plane and its axis.  The moments can be 

used to exactly locate the shroud force vector.  Measurements indicate that 

the vector is located inside the aft section of the shroud with only small 

variations In its  location.  A typical example is the data collected on Aluminun 

Shroud No. 2.  The radia] force moment arm with respect to the dynamometer 

moment axia was calculated to be 3.9 cm aft of the propeller plane with an 

average variation of ±  3.8%.  The aft section of this shroud is 4.5 en, long. 

This would Indicate that the resulting force lie. within the aft Bectlon of 

*^^m* 
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the shroud. This conclusion can also be reached from calculations per- 

formed using the shroud pressure measurements during open port operation 

or from a simplified momentum point of view.  The shroud will be mounted 

on a submersible at distances from the submersible center of gravity which 

are as large as possible to get large turning moments.  Hence, the errors 

In vessel turning moments which occur due to variations in the location of 

the radial thrust vector will be small.  In view of this, it was decided 

to discontinue making moment measurements. 

1-2.  Dimensionless Numbers 

For a given propeller and shroud design, It can be shown that 

Thrust = F = f^V, n, D, p, y), nt 

Pressure at any point - ambient pressure = & p = f2(v, n, D, p, p). at/m' 

where 

V = relative velocity of shroud and water, m/sec. 

n = propeller speed, rev/sec. 

D = propeller diameter, m 

P = fluid density, Kg/m3 

M = fluid viscosity, nt-sec/m 

A dimensional analysis yields 

,2 

pnV 
= * (JL       £22! \ 

and Ap o 
2~2    ^ ^o (   V       onD A 

pnV    2[^ >    P~-J 

Thia is one set of dlmensionleaa numbers, others are also possible. 

In most submersible and ship designs, Reynolds number is very high so that 

4 .. •. 
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the flow is essentially turbulent and independent of Reynolds number.  In 

,2 
the testing program, Reynolds Number based on-tip sp^ed = ptrnD 

U 
;  varied from 

.75 to 3.75 x 10 at propeller speeds of 16 to 80 rev/sec.  In addition, 

Pa-Pv the Cavltation Number based on tip speed = 
has a minimum value of 1     2 

1.63 which is large enough to Insure that propeller cavltation 

is not occurring in the tests.  Hence, the dimensionless equations can be 

simplified 

■ «IN pnV   ^     nD 

and . Ap 

pn D ^2 TÜ 

where 

pnV 
thrust coefficient K 

nD advance coefficient J 

AP. 
„ 2^2 pn D 

pressure coefficient K 
■ 

The primary focus of the present test program is to evaluate performance 

of the  steering system at .ero forward velocity.  Hence, the advance co- 

efficient is zero.  Thus, the thrust coefficient at zero forward velocity 

and the pressure coefficient distribution inside-the shroud characterize 

the performance of a given propeller and shroud geometry. 

1-3. Data 

The preliminary  series  of wax shrouds   that were  investigated are described 

quantitatively in the appendix,  but  they can also be described (jualitatlvely. 

. 
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Shroud No. 1 Is the most, radicalin terms of its design, whereas, Shroud No. 7 

is the mostradlcaldeslgn.  Shroud No. 1 is the least divergent.  Shroud No. 7 

is only slightly more divergent, but the shape of its aft section is stepped, 

then straight back at a fixed angle of divergence.  The aft sections of shrouds 

Nos. 1, 2, 4 and 5 are approximately the arcs of circles-No.3 is a hyperbola 

and No. 6 the canted arc of a circle. Furthermore, No. 6 is the most divergent 

of all the shrouds.  Generally speaking, the divergence angle increases going 

from Shroud No. 1 to Shroud No. 6. 

The investigation was divided into two parts.  The first part was concerned 

with the measurement of the pressure distribution inside an aluminum shroud 

similar to wax Shroud No. 5.  The second part was concerned with the measure- 

ment of the radial and axial thrust produced by the wax shrouds. All shrouds 

were tested using a two bladed propeller with pitch to diameter ratio equal 

to 1.43. 

Before proceeding, it is important to recognize that the wake steering 

device must have two stable modes of operation depending on whether the control 

port is open or closed.  These are as follows: 

If the control port is closed: 

The propeller wake must be attached to the inner surface 

of the shroud.  This will be called State I. 

If the control port is open: 

The propeller wake must be separated downstream of the 

control port.  This will be called State 11. 

During the tests, a third state was observed.  This is the state that occurs 

after the port is closed.  The wake remains  partially separated from the shroud 

and does not return to State I nor remain in, State 11.  In this state, the 

■'".■'.■•   •■.•■. •:—•••■••.•■;   ..••:,•/..•••:•;•.:.  ;.■'  -^ .■■■■■-^ ■■■'.:■■ ■.   -.....,.   ■:...■■,.■. 
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pressure distribution inside the shroud was erratic.  This will be called 

State III. 

The pressure distribution was measured for a propeller and shroud in 

States land II. The results are presented in Figures 4 and 5, respectively. 

The pressure coefficient (Kp) was plotted versus angular position v th ' 

respect to the control port and axial position (Z/L).  The axial position 

of the propeller plane is located at z/L = 0.38.  In Figure 4, it can be seen 

that the wake is completely attached to the walls along the full length of 

the shroud. This is the State I described previously,  m Figure 5. it can 

be seen that the wake is separated behind the propeller plane, all the way 

to the exit plane on one side, but that it is attached on the other side 

(State II).  The slight antisymmetrical distribution in Figure 5 is attributed 

to the rotational character of the fluid in the wake. 

The axial and radial thrust of wax shrouds Nos. 1 to 5 were measured. 

The log of the thrust is plotted versus the log of the propeller speed. A   • 

straight line through the data defines a thrust coefficient.  The results 

are presented in Figures 6 to 10.  For shrouds Nos. 6 and 7. thrust could 

not be measured because of erratic and unsteady behavior due to wake separation 

(State III),  the coefficient of radial thrust (K^). the coefficient of 

axial thrust in State I with the ports open (K^), the coefficient of 

axial thrust in State II with the ports closed (K ,  ) and the ratio of 

the coefficient of radial thrust to axial thrust (K     Iv >> dAj-ai. enrust U^-ZK   ) were computed 
*■ *■   C 3 p O 

For thQ purpose of comparison, the coefficients of thrust are presented 

in the following table. 

;••■• v ■ '• 
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Table 1 Thrust Coefficients 

Shroud No, Ktr Ktapr. 

.610 

K 
tapo 

.649 

Ltr/Ktapo 

.181 1 .117 

2 .154 .512 .558 .275 
3 .231 .475 .554 .417 
4 .269 .499 .610 .441 
5 .308 .404 .506 .609 

Note that  the axial thrust coefficient    with a port open is greater 

than the coefficient with the port closed  for all the shrouds.    This is due 

to wake separation.     In shrouds Nos.   1 and  2,   the walues  of K will de- 
tapo 

crease to the value of Ktapc when the port closes since the wake will reattach 

returning to State  I.     In shrouds Nos.   3.   4.   and  5.   however,   the wake will not 

reattach when  the port is closed and the wake will be in State III.     Instead, 

the axial  chrust  increases.     Note  that  the. radial  thrust Ktr and ratio of  radial 

to axial thrust K^/K^  increases from shrouds NOs.   1  to  5 as might be  ex- 

pected since  there  is  also an increase in shroud  angle of divergence.     However, 

the thrust ratio  is Ktr/Ktapo and is Inflated by a substantial decrease in the 

axial  thrust coefficient,  K^^ from shrouds  Nos.   1  to 5. 

The overall results form the Measurements of pressures and  thrusts reveal 

that  the series  of  shrouds  tested can be divided  into  four different subsets 

according to  their behavior and  can be  classified'in  terms  of  their reliability 

of operation. 

Subset A - 2 stable  states   (I and H)  -  totally  reliable 

Shroud No.   1 - This shroud is  totally reliable 

Subset B - 2 stable  states   (I and  II)  - occassionaXly will  go  to State  111   - par- 

CK,.     i v       .-,       „., .       . tially  reliable, 
bhroud No.   2 -  ibis shmud  is reliable 95% of  the  time. 

Subset C -  3 stable  states   (I,   n,   and UI)   -  unreliable 

Shroud No.   3,   4 and 5 - These shrouds will  go  from State I. to State  II 

' to''Statfe''TIT ;'but'not backwards,   '•..•"■■"   '•'•-i1"'   -   ' •: ' 
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Subset D - One  unstable state  (I),   two stable states  (II and  III)  - unreliable 

Shroud  Nos.  6 and  7  -  In  these shrouds,   the wake often separates when 

the control port has not been openned.     These 

shrouds will go from state I  to State II to  State  III, 

but not backwards. 

II.    Mathematical Model 

The problem of mathematically modelling the flow field in and around a 

shrouded propeller is complex,     Some hydrodynamic models have been obtained 

by earlier investigators and in spite of their sophistication,  agreement with 

operating test results over a range of operating conditions has only been 

fair   [1]  -   [7].     The usual approach in  the analysis of  such flows  involves 

the use of ring vortices,   or ring sources,   and,  assuming no separation,   a 

solution is  obtained  for a preselected shapo posessing axial symmetry.     The 

object of  the current research is  to identify shroud geometries which will 

yield  flow fields  particularly  favorable  to producing  la<L-ral thrusts when 

operating with  an open side port beyond  the propeller plane.     Because of   the 

immense mathematical difficulties posed by  the non-symmetric and separated 

nature of  such a flow  field,  both within and around   the  cv-:tside of a shroud 

operating in  this mode   a   useful hydrodynamic model,   has been ruled out. 

Instead,   the  results  of existing analyses  of  rotating flows posessing axial 

symmetry have been  used  to guide  the  iteration process   for  the experimental 

part of  this  investigation. 

The work of  Fraenkel   [8]  and  Clow   [9]   have been used to qualitatively 

characterize  the nature- of  the flow field  beyond  the prop.. Her plane.     Those 

Lnvestigatlons,  dealing with rotating flows  in tubes of v rying cross section 

idenUfy a ^antity^,   the reciprocal of^ what is generally, referred   to as 

■*••. .■ ■•' .•'. 
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the Rossby number R"1 .  when R"1 is less than j^ the first zero of the 

Bessel function, J^ the flow is somewhat similar to that without rotation, 

but with modifications which have been experimentally verified in our tests. 

For Ro greater than J1 wave motions are established in the downstream 

flow.  In our case W is the fluid axial velocity (in this case an average value) 

based on the shroud through flow and Rw represents the tangential velocity 

of the fluid at the shroud wall. As such R^1 is equivalent to twice the 

ratio of tangential to axial velocity or could even be regarded as a flow 

coefficient. 

Experiments run with several propeller-shroud combinations for the 

purpose of determining angles of the flow in the shroud beyond the. propeller 

plane indicate low values of swirl.  The value of R^1 based upon these measure- 

ments varies from about 0.5 to 1.5. but is below ^ which is 3.83171. 

Praenkel predicted flow acceleration along the wall inan expanding flow with 

accompanying retardation along the axis.  The greater the ratio of exit to 

throat areas, the more severe the effect.  The shrouds tested to date have 

displayed this flow pattern as slowing of the flow and in some cases, reversal 

has been detected along the axis just outside the exit plane.  The significant 

point in terms of the wake steering device is that flow along the wall does 

accelerate with rotation in the flow and this does help to overcome separation 

as the shroud wall angles increase toward the exit plane. 

All of the shrouds tested to date, except No. 1, have displayed either a 

steady or fluctuating separation pattern in the exit flow producing an un- 

controllable component of radial force.  Because the wake separates from 

the increasingly divergent curved wall at some point before the exit plane, 

a potential flow analysis is inappropriate as a reliable model of the outlet 
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flow. All analyses to date [1] - [10] are based upon nonseparated flow 

within the shroud and are inappropriate for the separated flows encountered 

in the more highly divergent wake steering shrouds.  The analyses of Fraenkel, 

Chow and others dealing with the basic characteristics of swirling duct flows 

are useful to the extent that they predict some of the characteristics of the 

flow up to the point of separation and then the core jet beyond that point in 

a qualitative sense. 

IV.  Conclusions 

The test results from this preliminary series of shrouds is difficult 

to interpret in view of the fact that in an attempt to rapidly determine an 

optimum shroud shape, too many parameters such as length, divergence angle 

and generating shape were varied tending to mask the effects of any one 

parameter.  It is however, apparent that to develop high radial to axial 

thrust ratios, the shroud must have a large angle of divergence.  lids 

requirement conflicts with the demands of low divergence angle in order 

to avoid unwanted separation, ie: separation when the control ports are closed. 

While the widely recognized shape, 19a, of Van Manen and Oosterveld [10] may 

demonstrate good performance characteristics as a basic thrusting device, it 

will not function well as a steering device because of its low divergence 

angle.  Clearly, a trade off between the two conflicting exit angle requirements 

of small, angle for no separation and large angle for useful deflection of 

flow In the steering mode must be made. 

Another important concept to emetge is that of reliability. To be reliable, 

a shroud must develop a radla] force with a control port open. Tliis force must 

disappear when the port is closed and the wake must completely reattach to the 

siu oud surface,  To determine, a shromi shape or .sot of. shroud shapes which 

reliably develop high radla] to aicla] thrust ratios will require a step by' ■ 
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step  investigation  of   the parameters  involved.     Also,   the  tests must be 

conducted at  forward  velocity conditions   Ln addition  to  the  static case. 

V.       Future Program 

A series of static  tests is planned  to determine  the effects of shroud 

divergence angle,   shroud  length,  propeller  pitch  to diameter ratio and 

generating shape on shroud performance.     The first series of  shrouds  to 

be  tested will use   the  same shroud  fore-section as  Shrouds Nos.   1,  2,   3, 

4,   6  and 7.     The  inside  surface of  the shroud  aft  section is  generated by 

the arc of a circle.     The aft section will be kept a constant length and 

the divergence angle varied by varying  the radius  of  the arc.     In  the 

second  series of shrouds,   the  inner surface will bo an arc of  fixed 

radius  except  they will be  cut  to various different  lengths.     In  the  third 

series,  generating shapes other than the arc. of a  circle will be used.    Timii 

permitting,  investigaMons of  the effect of port  flow on shroud  switching 

characteristics and  shroud  switching capability  for  reversed  flow will be 

Investigated. 

Construction  of  a  forward velocity  test  tunnel  and dynamon.     ,T have been 

initiated and should be  completed by  the end  of  April.     The system will be 

capable of measuring radial  and axial  thrusts at  advance ratios of  up  to 

1.0.     Once completed,   our highest priorUy will  be  given  Co  the forward 

velocity  tests.     Static   testing will  continue  since,  except  for a recording 

oscillograph,  both systems are essentially   Independent. 

A method   Is being dove loped  for making forward velocity «lirouds  in 

which   the   Inside  ;ind  outside  shapes can be varied  rapidly and economically. 

A ohroud has been constructed using a contoured aluminum   front section to 

I   . , 

'-. • ••;.•.■.•..•.■ ^•■•.••.-. •»* .'.   .   * >' ■•• ••», •I-    -,   ';    i Hi    '■   ■ ::•' '.».'•. 

^-^l 



r- ■HMMHMNPlirvqm 

-12- 

which is fastJiied an aft section made out of a polyester - magnesium silicate 

compound.  Besides being economical and not too difficult to manufacture, this 

shroud has thfe additional advantage over the nozzle holder in that the ports 

can be located anywhere on the aft section of the shroud.  This additional 

flexability will enable some radical change* in shroud shape and control port 

design.  Some preliminary static testing of nozzles whose port configuration 

departs from previous designs is planned. 

Investigation of mathematical models of the flow for predicting pressure 

and separation wU.i continue at a very low level.  Two possible approaches to 

modelling the shroud remain to be evaluated.  ihe first approach is to te- 

program an analysis by Weetman [llj for our compocer.  This program may give 

accurate shroud pressure distributions for highly divergent shrouds since it 

is not based on linearized assumptions.  If the program is successful in pre- 

dicting measurer', pressures, then, if possible, it will be modified for use 

in predicting where separation occurs. 

The second approach is to utilize Chow's solution as a first order 

approximation to thz  integral equation form of the defining flow relations. 

It may be possiblfl to use the zeroth order solution at each axial station, 

set the eigenvalue to fit the boundary conditions at the wall, and obtain a 

solution to the entire flow field in this manner.  This approach has the 

advantage thai U Wves the velocities in the entire flow field as well as 

the prcfüiures. 

^^^^mmto 
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APPENDIX 

Radius at  the  throat 

Divergence angle 

Shroud  ill 

L =  ll.lcm,   0 =  16.1* 

Z(cm) r- Rt(cffl) 

0 1.42 
.10 1.04 
.25 .89 
.51 .71 
.76 .61 

1.02 .51 
1.37 .41 
].68 .33 
1.98 
2.28 
2.64 
2.95 
3.56 
4.06 
5.08 

J 
6.53 
7.04 
7.57 
8.05 
8.56 
9.07 
9.58 

10.08 
30.59 
n.io 

.25 

.21 

.17 

.13 

.08 

.05 
0 

0 
.01 
.06 
.11 
.18 
.25 
.35 
.46 
.58 
.72 

Shroud  //2 

L =  10.5cm,   G =26.0' 

Z 

0 

i 
6.02 
6.53 
7.04 
7.57 
8.05 
8.56 
9.07 
9.58 

10.08 
10.50 

r  - R. 

Sauu; 
aä 

Shroud  //I 

.03 

.08 

.17 

.28 

.41 

.57 

.74 

.94 
1.1.9 

Shroud  //3 

L ■ 10.95cni,   G = 25.0' 

7. 

i 
6.02 
6.34 
6.66 
6.98 
7.29 
7.61 
7.93 
8.25 
8.56 
8.88 
9.20 
9.52 
9.83 

10.15 
10.46 
10.95 

r  - R 

Same 
as 

Shroud  Ifl 

.02 

.06 

.13 

.23 

.32 

.42 
.54 
.66 
.78 
.9.1 

1.04 
1.16 
1.30 
1.43 
1.64 

i 

.A^. ^^Hfe -J 



APPENDIX 

Shr oud  ft 

L =  10. 5cm,   0 ■  35.0 

Z r-Rt 

0 Same 

>' 
as 

Shroud  IH 
6.02 
6.53 .02 
7.04 .07 
7.57 .16 
8.05 .29 
8.56 .44 
9.07 .64 
9.58 .88 

10.08 ].18 
10.50 1.43 

Shroud  //5 

Shroud 17 
L = 10. 5cm, e ■ i8.o 

Z r-Rt 

0 

1 
Same 
as 

1. 
1 Shroud  n 

6.02 
6.12 .03 
6.22 .11 
6.32 .23 
6.42 .36 
6.52 .40 
6.72 .',(•, 
7.02 .55 
7.52 .69 
8.02 .73 
9.02 J .08 

10.50 1 .52 

J0.1 cm, e 33.0' 

r - R. 

0 1.73 
.10 1.04 
.20 .80 
.30 .68 
.40 .59 
.50 .51 
.70 .42 
.90 .33 

1.10 .29 
1.30 .23 
1.50 .19 
1.70 .16 
2.00 .11 
2.30 .04 
2.70 .02 
3.10 0 
3.60 0 
4.05 0 
4.55 .03 
5.05 .09 
5.4r. .14 
5.85 .21 
6.15 .29 
6.45 .38 
6.75 .47 
7.05 .57 
7.35 .6b 
7.65 .77 
7.95 .88 
8.25 1.00 
8.55 1.15 
8.85 1.30 
9.]5 1.48 
9.45 1.63 
0.75 1.83 

10.10 2.05 

Shroud  fib 

L ■ 10.5cm,   0 = 37.0' 

6.Ü2 
6.52 
6.12 
7.S 
IM 
8.12 
8.32 
8."2 
9.J2 
9.32 

10.12 
10.30 

r - R. 

Same 
as 

Shroud  tfl 

.05 

.10 

.17 

.26 

.37 

.51 

.68 

.81 
1.10 
1.33 
1.60 

^■^^ J 


